Macrophage infiltration in tumors and tumor-surrounding tissue: influence of serotonin and sensitized lymphocytes.
In a delayed-type hypersensitivity reaction serotonin released from mast cells plays an important role in the induction of a cellular infiltrate at the site of antigen challenge. In analogy, we have studied whether it is possible to enhance the number of intratumoral macrophages by injecting serotonin into a s.c. SL2 lymphosarcoma. The vessels in the tissue surrounding the tumor responded well to serotonin, as there was an influx of i.v. injected 51Cr-labeled sensitized spleen cells in this tissue during the first 4 h after intratumoral injection of serotonin. At 24 h after serotonin injection there was an influx of macrophages into this tumor-surrounding tissue. No influx of cells was detected in the tumor itself during the first hours after injection of serotonin. In the tumor, similar phenomena occurred as in the surrounding tissue, but with a delay of about 24 h. This suggests that lymphocytes leave the blood circulation in the tumor-surrounding tissue and migrate to the tumor. The influx of macrophages into the tumor after intratumoral injection of serotonin is probably due to an immunological reaction as the lymphocyte influx preceeds the macrophage influx into tumors. In addition, transfer of sensitized lymphocytes, as well as lymphocytes from a tumor-bearing host caused an enhanced influx of macrophages into the tumor. To test the specificity and serotonin dependency of the phenomenon of infiltrating cells in tumors we have used a footpad swelling assay in which the serotonin dependency and the antigen specificity of the response against syngeneic tumor cells was shown. The following picture emerged: an intratumoral serotonin injection enables lymphocytes to leave blood vessels in the tumor-surrounding tissue. These lymphocytes with specificity for tumor antigens migrate to the tumor. After contact with the antigenic tumor cells, these lymphocytes secrete chemoattractive factors for monocytes/macrophages. Also these monocytes/macrophages leave the circulation in the tumor-surrounding tissue. Subsequently the macrophages invade the tumor. We conclude that the number of intratumoral macrophages can be enhanced by serotonin.